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Outline 
• Physics motivations
• Work plan & paper
• Snowmass  expected outcome
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• Minimal decay

• Decay regulated by ε2

• Independent of mΧ

• Requires  mA’<2mΧ

Visible

Invisible

Dark forces and dark matter
(Light WIMPs - light mediators)

• Depends on 4 parameters
• mA’ > 2mΧ (on-shell) 
• αD= g2χ/4π >> ε2αEM
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The BDΧ experiment

elastic on electrons

Two step process
I) An electron radiates an A’  and the  A’ promptly decays to a χ (DM) pair
II) The χ (in-)elastically scatters on a e-/nucleon in the detector producing a visible recoil (GeV)

PhysRevD.88.114015 E.Izaguirre,G.Krnjaic, P.Schuster, N.Toro

• Intense electron beam
• ~ few GeV range energy 

SM particles

concrete/iron shielding

Χ beam

Experimental signature in the 
detector:  Χ-electron  →  EM shower ~GeV energy

 Χ detection

 Χ production
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Inelastic on nuclei
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BDΧ at JLab

BDX detector

Hall-A Beam dump

★ High energy beam available: 11 GeV
★ The highest available electron beam current: ~65 uA 
★ The highest integrated charge: 1022 EOT (41 weeks)

★ BDΧ detector located downstream of Hall-A beam dump
★ New underground experimental hall

New experimental hall

Hall A beam 
dump

e-
beam

New 
shielding

New 
experimental hall

Shielding

NEW Existing
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The BDΧ detector

Detecting 
the Χ

E.M. Calorimeter 
A homogeneous crystal-
based detector combines all 

necessary requirements 

Rejecting the bg
Two active veto layers 
Plastic scintillator +WLS with 

SiPM and PMT readout

Modular EM 
calorimeter 
• 8 modules 10x10 

crystals each 
• 800 CsI(Tl) 

crystals (from 
BaBar EMCal)

• 6x6 mm2 
Hamamatsu SiPM 
readout

• 50 x 55 x 295 cm3

• Outer Veto: 2cm thick
• Inner Veto: 1 cm thick
• Lead Vault: 5cm thick

BDX-proto 
fully assembled 

at INFN-CT

★ Cosmic background measured with 
the BDX detector prototype in CT 

Expected cosmic bg counts in 
BDX lifetime < 2 counts

★ Muons are ranged out by the iron shielding
★ Non-negligible contribution of high energy  neutrino  interacting in the 

detector by CC:  ν + N ➝ X + e-

Expected beam-related counts 
in BDX lifetime ~ 10 counts 

★ Bem-on bg by GEANT4,  E>EThr
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BDΧ expected reach

Elastic Χ-e- scattering - BDX reach

Beam time request
• 1022 EOT (65 uA for 285 days)
• BDX can run parasitically to any Hall-A 

Ebeam>10 GeV experiments  (e.g. Moeller)

Energy threshold Nν (285 days)

Beam-related background

300 MeV ~10 counts

Energy threshold √ Bg (285 days)

Cosmic background

300 MeV <2 counts

BDΧ sensitivity is 10-100 times better than existing limits on LDM

Inelastic Χ-N scattering
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BDΧ-MINI
• Two wells dug for bg muon tests
• Ebeam=2.2 GeV, no muons
• Limited reach but first physics result!

• 44 PbWO4 PANDA/FT-Cal 
crystals (~1% V BDX)

• 6x6 mm2 SiPM readout
• 2 active plastic scintillator 
v e t o s : c y l i n d r i c a l a n d 
octagonal (8 sipm each) + 2x 
lids + Passive W shielding

BDX-MINI preliminary 

BDX-MINI
ETot>200 MeV + anti-coinc
 ETot>100 MeV + anti-coinc

• Installed in March 2019
• Run form  Dec 2019 to Aug 2020 
• Collected 4e21 EOT (40% BDX!) in ~4 months (+ cosmics)
• Good detector performance with high duty factor
• Data analysis in progress
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BeamDump@MAINZ
DARKMESA

MESA @ MAINZ

• 𝛼𝐷=0.5and m𝛾′=3·m𝜒
• 3·1022 EOT
• Energy detection threshold 14 MeV
• Detector efficiency 90%
• No backgrounds
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Workplan

BDX proposal submission to JLab Program Advisory Comm

Detector R&D: signal detection and BG rejection

Theory and physics case

Costs estimate

BDX-MINI run

Detector prototyping: cosmic BG assessment

Detector prototyping: beam-related BG assessment

Completion
100%

100%

100%

Full approval: Rate A

waiting

2027-2028 in parallel Moeller exp

100%

Infrastructure

baseline defined (FOA presented)

100%

Running BDX

✴ BDX is ready for the construction phase (waiting for the new Hall to be built)
✴ Ready for a contributed paper
✴ Between now and Snowmass: publish BDX-MINI results
✴ Expected Snowmass outcome: 

 recommendation: funding infrastructures (new hall + shielding) to run BDX at JLab


